The most serious pest of the olive tree in Japan, an important plant as a source of fruit and oil production, is now the olive weevil [ Dyscerus perforatus (ROELOFS); Coleopetera; Curculionidae] that is a native species in Japan. This weevil originally seems to have colonised Ligustrum japonicum Thunb. and L. obtusifolium Sieb. et Zucc, both of which belong to the oleacea family, like the olive. However, when olive trees were introduced to Japan in 1908, the weevils immediately attacked the plants and soon preferred them to the former hosts. Unlike in the former hosts, where the weevils lived in a low population density, it is extraordinary high in the case of the olive tree and the assault thereby becomes seriously damaging for the host plant. The adult weevils have a long life and can survive for over 900 days in a room. 1) Moreover, the females have a long egg-laying period from spring to autumn, and the larvae attack the bark and trunk of olive trees, weakening and withering even adult trees as the assault progresses. During the course of our study on the relationship between the olive tree and olive weevil, we have been interested in the possible chemical constituents of this plant that are responsible for host selection and attraction of the insect.
We have previously found that a secoiridoid glucoside (oleuropein) isolated from the olive tree stimulated the feeding activity of the weevil. 2) In this present report, we describe the isolation and characterization of two more feeding stimulants from the same plant.
The puriˆcation of the active compound(s) was guided by a feeding stimulant activity test on the olive weevil.
2) After extracting a sample of olive tree with methanol, the methanol extract was evaporated and successively partitioned with hexane W water and EtOAc W water. Among these fractions, the EtOAcsoluble fraction exhibited feeding stimulant activity which seemed to be signiˆcantly higher for female than for male insects. Therefore, this fraction was further puriˆed by column chromatography and preparative TLC on silica gel to give active compound 1 as colorless needles and active compound 2 as an amorphous solid. Active compound 1 was much more polar than 2 as indicated by its lower Rf value on silica gel TLC (solvent system of hexane:EOAc＝1:1).
The high-resolution EI mass spectrum (HREIMS) of active compound 1 aŠorded a molecular ion at m W z 376.1525, indicating the molecular formula of C20H24O7 which was consistent with the 1 H-and 13 C-NMR data. The IR spectrum of 1 exhibited strong absorption bands at 3400 cm "1 corresponding to a hydroxyl group(s) and at 1605, 1520 and 824 cm "1 suggesting the presence of a trisubstituted benzene ring. The UV spectrum (lmax 230 and 280 nm) and positive FeCl3 test implied the presence of a phenol chromophore. The presence of two phenolic hydroxyl groups in the molecule was suggested by the formation of a dimethyl ether (1a, Fig. 1 H-9a, b) . Furthermore, in the HMBC spectrum, a cross peak between the proton signal (dH 4.65, H-7) and two aromatic methine carbons (dC 111.3 and 121.3; C-2 and C-6 respectively) on benzene ring A indicated the C6-C3 unit.
On the other hand, in the HMBC spectrum of 1, pairs of geminal proton signals (dH 2.90, 3.00, H-7?a, b; and dH 3.60, 3.80, H-9?a, b) of two methylene groups showed correlation with the quaternary carbon signal at dC 82.6 (C-8?) with which the methine proton (d H 2.35, H-8) also showed correlation. The HMBC spectral data also showed correlation of the geminal proton signals at dH 2.90 and 3.00 with two aromatic methine carbons at dC 115.1 and 124.0 (C-2? and C-6?). These data indicated another C6-C3 unit. In addition, in the HMBC spectrum of 1, the methylene proton (dH 3.60, H-9?a) showed correlation with the methine carbon signal at dC 86.1 (C-7) for forming theˆve-membered ring structure of this molecule. Based on these data and a comparison with data in the literature, [3] [4] [5] active compound 1 was identiˆed as 4,4?,8?,9-tetrahydroxy-3,3?-dimethoxy-7,9?-cyclolignan, (")-olivil ( Fig. 1) , which is a known as a minor lignan.
The HREIMS data of active compound 2 gave a molecular ion at m W z 416.1469, revealing its molecular formula as C22H24O8, which is consistent with the 1 H-and 13 C-NMR data. The IR (3370, 1607, 1520 and 824 cm "1 ) and the UV (lmax 230 and 280 nm) spectra and positive FeCl3 test also suggested the presence of phenolic groups and a trisubstituted benzene ring(s), as well as the ester carbonyl group (1738 cm "1 ). The 1 H-NMR spectrum of the acetate (2a, Fig. 1 ) prepared by treating 2 with acetic anhydride W pyridine showed the presence of two hydroxyl groups.
The 1 H-and 13 C-NMR data of compound 2 correlated well with the data published by Owen et al. 6) Furthermore, the EIMS data of compound 2 were identical in all respects to those published. 7) Based on these results, the structure of 2 was identiˆed as (+)-1-acetoxypinoresinol which is also a lignan like active compound 1. Figure 2 shows the feeding stimulant activities of compound 1 and 2 toward male and female olive weevils. Both compounds showed potent feeding stimulant activity toward the female at a dose of 10 mg W disk (35.6z for 1 and 38.0z for 2, respectively). Figure 2 also shows that the activity was signiˆcantly higher for the female than for the male weevil ( pº0.05). However, the activity for the male was not signiˆcant when compared with the control disk. Figure 3 shows the dose dependence of compounds 1 and 2 on the feeding stimulant activity of female weevils. The result shows that the activity was dependent on the dose of 1 on the paper disk in the range of zero-20 mg W disk, increasing with a gentle slope to a dose of 5 mg W disk, then by a steep slope between 5 and 10 mg, andˆnally becoming almost constant or saturated. In the case of active compound 2, the maximum activity was attained at 5 mg W disk after a rapid increase, this being followed by a slow decrease to the same activity (¿33z) as that of compound 1. Although a signiˆcant diŠer-ence in their activity proˆle was observed, the feeding stimulation was found to be totally dose-dependent.
The bark of the olive tree has been traditionally used in the Orient as an antipyretic, antirheumatic, tonic and remedy for scrofula, 8) while olive oil and the fruits are very important food products nowadays. Our problem for the cultivation of this plant in Japan is that the olive trees have been attacked by the olive weevils, a typical insect pest of this plant.
It is well known that plants have a chemical defense systems. 9, 10) One method seems to be the synthesis of lignans when being attacked by pests. Lignans and neolignans, which are produced through a biosynthetic pathway starting from E-coniferyl alcohol, 11) are a widely distributed and structually diverse phytochemical class. Most of them and their intermediate products exhibit various biological activities. 12) For example, 7?-hydroxymatairesinol inhibits fungal growth, 13) (+)-5?-demethoxyepixcelsin, anti-HIV activity, 14) and (")-trachelogemin, an antiviral property. 15) Some acyclic and furofuran lignans with methylenedioxy phenyl groups such as sesamin have a synergistic eŠect on a range of insecticides. 16) Furthermore, kobusin and sesamin have been shown to inhibit the growth of silkworm ( Bombyx mori ) larvae. 17) As an another example, (")-parabenzlactone, one of the piperolignanolides, from Parabenzoin trilobum Nakai is known to suppress the feeding activity of insects. 18) Thus, lignan biosynthesis plays important roles in the host plant defense system.
In our present study, however, the two active compounds, 1 and 2, which also had a lignan structure, did not show any defensive role against the insect pest, but strongly stimulated their feeding behavior (Fig. 2) .
In fact, as shown in Fig. 2 , isolated compounds 1 and 2 showed 30-40z feeding stimulant activity toward female weevils in particular, although in the case of males, the activity was not signiˆcant. Figure  3 show that, in the case of the female, the feeding activity respectively increased with increasing dose of active compounds 1 and 2.
Although we do not have a reasonable explanation for this clear diŠerence, these two compounds appear to play an important role in the preferential stimulation by olive trees of the female weevil. This result seems to be theˆrst example in which feeding stimulant activity was observed in compounds having a lignan structure. No report describing the same phenomenon has so far been found.
The activity of the two compounds in the lignan family discovered in the present study might be applied to attract the olive weevils to a limited area where the compounds are provided as a dummy.
Experimental
General procedure. All the NMR experiments were conducted with a Varian VXR500 spectrometer (500 MHz for 1 H, 125 MHz for 13 C). High-resolution electron ionization mass spectra (HREIMS) were recorded by a JEOL SX-102A mass spectrometer, IR (KBr) spectra were measured by a JASCO FT W IR-5000 spectrometer, optical rotation values were determined with a JASCO Dip-360 digital polarimeter, and UV spectra were measured by a Shimadzu UV-3000 spectrophotometer. Extraction and puriˆcation of the plant material. Olive trunk sections (9.1 kg) were extracted with MeOH (26.4 l) at room temperature (r.t.) for 7 days. The extract wasˆltered, concentrated under reduced pressure and partitionedˆrst with hexane (500 ml× 3) and then with EtOAc (500 ml×3) to obtain hexane-soluble (2.6 g), EtOAc-soluble (160 g) and aqueous (547 g) fractions. The EtOAc fraction was separated by column chromatography on silica gel 60 (Nacalai Tesque, 230-400 mesh), successively eluting with hexane (100z)ªhexane:EtOAc＝7:3ª1:1ª EtOAc (100z)ªMeOH (100z). The feeding stimulatory activity was found in the MeOH fraction. This fraction was further separated in the silica gel column, eluting with CHCl3:MeOH＝4:1, and then in another silica gel column, eluting with CHCl3: MeOH＝10:0.5ª10:1, to aŠord two active fractions (Fr. a and Fr. b). Fr. a (2.1 g) was further puriˆed by preparative TLC on silica gel with EtOAc:MeOH＝ 10:1, and then by preparative TLC on silica gel with Bioassay. Male and female insects were preconditioned in separate Petri dishes (40 mmq) containing moistened paper disks (Advantec Toyo No. 2, 5 mmq) and were given distilled water every 12 hr for 24 hr. After the 24 hours of starvation, the moistened paper disks were replaced with paper disks containing sucrose and the active compounds. The paper disks were applied uniformly with a methanolic solution of each sample and an aqueous solution of sucrose (5 mg W 10 ml) and then air dried. A paper disk with MeOH and sucrose was used as a control. The Petri dishes were kept at 259 C with a 12L:12D pho-toperiod for 48 hr. Distilled water at 20 ml W disk was added every 12 hr. Each test was repeated 3-5 times. The extent of feeding was evaluated by measuring the area of the disk bitten, and is expressed by a score from zero to +3, in which zero is for no biting, +1 is for a bitten track being found, +2 is for less than 50z bitten and +3 is for more than 50z. The feeding stimulative activity is deˆned as [(A"B) W (+3× C)]×100(z), where A＝the total score of the sample disks, B＝the total score of the control disks, and C ＝number of insects used. The results of the test were analyzed by Students' t-test.
